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(54) TlUe: DEGENERATED DIFFERENTIAL PAIR WITH CONTROLLABLE TRANSCONDUCTANCE 



(57) Abstract 



A differential pair with input transiston (Tl. 
T2) and provided with a variable degeneration rc- 
si5tor. The degeneration resistor comprises a series 
arrangcmeni of two branches (4, 6) of coupled re- 
sistors <Rt to R6, R7 to RI2) which are shunted in 
mutually conesptmding points (12/17. 13/18, 14/19. 
15/20, 16/21) by respective control transistors (T8 to 
TI2) whose gates are interconnected. The differential 
pair further comprises a control loop compri5h)g two 
cunent mirrors (CMl. CM2), a bias resistor (RB), 
and a current source (22) for providing a comrol sig* 
nal to the gates of the control transistors (T8 to T12). 
The control loop does not influence the DC bias of 
the differcmiat pair. 
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Degenerated differential pair with controllable transconductance. 



The invention relates to a differential pair comprising a first and a second 
transistor each with a control electrode and a main current path between a first and a second 
main electrode, and a degeneration resistor for coupling the first main electrode of the first 
transistor to the first main electrode of the second transistor. 

5 Such a circuit is known from US Patent 5,210»504. In this known circuit, 

the differential pair is realized by means of field effect transistors, while the degeneradon 
resistor is connected in series with the sources of the field effect transistors, and a control 
field effect transistor is connected with its source and drain in parallel to the degeneradon 
resistor so as to control the transconductance of the differential pair. The control field effect 

10 transistor acts as a variable degeneradon resistor whose value is controlled by means of a 
control signal at its gate. The non-controUable degeneradon resistor serves as an upper limit 
for the resulting resistance value of the parallel circuit of the non-controllable resistor with 
the control field effect transistor. 

A disadvantage of the known differential pair is that the distortion of the 

15 differendal pair is great owing to the strongly non-linear resistance characterisuc of the 
control field effect transistor. 

It is an object of the invention to provide a differential pair with a 
controllable transconductance which has a low distortion. 

According to the invention, the differendal pair is for this purpose 

20 characterized in that the degeneration resistor is built up from a series circuit of a first 
branch of coupled resistors and a second branch of coupled resistors which are shunted in 
mutually corresponding junction points by respecdve control transistors whose control 
electrodes are connected so as to receive a control signal, the first main electrode of the first 
transistor being coupled to the first branch and the first main electrode of the second 

25 transistor being coupled to the second branch. 

The invention is based on the recognition that the degeneradon resistor 
can be built up from branches of fixed resistances connected in series, and that poruons of 
these branches can be short-circuited gradually by means of control field effect transistors. 
The non-linear series resistance of the control field effect transistors dius contributes only to 
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a low degree to the resulting resistance value of the controllable degeneration resistor, with 
the advantage that the resistance characteristic of the controllable degeneration resistor is 
substantially linear. 

An embodiment of a differential pair according to the invention may be 

S characterized in that the differential pair in addition comprises a bias resistor which is 
preferably coupled with a first electrode to a common junction point of the first and second 
branches* and with a second electrode to the control electrodes of the respective control 
transistors. A controllable current is passed through the bias resistor. A control voltage is 
thus obtained at the control electrodes of the control transistors, by means of which the 

10 transconductance of the differential pair can be controlled. A coupling of the first electrode 
of the bias resistor to the common junction point has the advantage that a suitable value of 
the control voltage applied to the control electrodes of the control transistors is thus 
generated in a simple manner, 

A further embodiment of the differential pair according to the invention 

15 may be characterized in that the differential pair in addition comprises a control loop for 
generating a control current through the bias resistor in response to the control signal. The 
control loop supplies as much current to the common junction point of the first and second 
branches as is derived therefrom. An advantage of this is that the DC bias of the differential 
pair, which is provided by a tail current source coupled to the common junction point, is not 

20 disturbed then. The control loop may be constructed with a first current mirror with a first 
output which is coupled lo the second electrode of the bias resistor, a second output, and an 
input for receiving the control signal; and a second current mirror with an output which is 
coupled to the first electrode of the bias resistor, and an input which is coupled to the second 
output of the first current mirror. 

25 An alternative embodiment of the differential pair according to the 

invention may be characterized in that the first and the second branch constitute the source 
and drain of an extensive field effect transistor, which field effect transistor is provided with 
a control electrode which is coupled to the second electrode of the bias resistor. The 
extensive source, with two connection points at opposed sides, replaces the first branch of 

30 resistors. The extensive drain, with two connection points at opposed sides, replaces the 
second branch of resistors. This embodiment may be used to advantage especially when the 
control range of the transconductance is wide. 

The invention will be explained in more detail with reference to the 
accompanying drawing, in which: 
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Fig. 1 is a circuit diagram of a first embodiment of a differential pair 
according to the invention; and 

Fig, 2 is a circuit diagram of a second embodiment of a differential pair 
according to the invention. 

5 The same components or elements have been given the same reference 

symbols in these Figures. 

The diagram of Fig. 1 represents an embodiment of a differential pair 
with field effect transistors. The differential pair comprises two input transistors Tl and T2 
whose control electrodes, or gates, are connected to an input terminal I and an input terminal 

10 2, respectively, for the connection of an input signal. The first main electrodes 3, 5, or 
sources, of transistors Tl and T2 are connected to a first branch of resistors 4 and a second 
branch of resistors 6, respectively. The second main electrodes, or drains, of transistors Tl 
and T2 are connected to a first output terminal 7 and a second output terminal 8, 
respectively, for delivering an output signal. The branches of resistors 4 and 6 are connected 

IS in series in a common junction point A. The branches of resistors 4 and 6 and the transistors 
Tl and T2 are provided with a DC bias by means of a direct current source 11 which is 
coupled to the junction point A. The branches of resistors 4 and 6 each comprise a series 
arrangement of six resistors Rl to R6 and R7 fo R12, respectively. Viewed from the sources 
of the transistors Tl and T2, the mutually corresponding junction points 12/17, 13/18, 

20 14/19, 15/20, and 16/21 of the first and second branches of resistors 4 and 6 are 

interconnected by means of the respective source-drain paths of control transistors T8 to 
T12, whose gates are interconnected in a junction point B for receiving a control signal. A 
bias resistor RB is connected between junction point A and junction point B. The bias 
resistor RB may be replaced with an alternative element such as, for example, a Uansistor 

25 which is connected as a diode. The differential pair in addition comprises a first current 
mirror CMl and a second current mirror CM2. The first current mirror CMl comprises 
three transistors T3, T4, and T5. The drain D3 of transistor T3 forms the first output of the 
furst current mirror CMl and is coupled to the junction point B. The drain D4 of transistor 
T4 forms the second output of the first current mirror CML A transistor T5 connected as a 

30 diode forms the input of the first current mirror CMl. A current source 22 is coupled to the 
input of the first current mirror CMl for supplying a control current IC. The transistor T6, 
connected as a diode and coupled to the drain D4, forms the input of the second current 
mirror CM2. The drain D7 of transistor T7 forms the output of the second current mirror 
CM2 and is coupled to the junction point A. The sources S3, S4, and S5 are coupled to a 
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negative supply terminal 23 and the sources S6 and S7 are coupled to a positive supply 
terminal 24. 

The operation of the circuit is as follows. A direct current ITL supplied 
by direct current source 1 1 flows in equal halves into the two branches of resistors 4 and 6 

S of the differential pair* The respective potentials at connection points of the branches of the 
resistors 4 and 6 in Fig, 1 are lowest at source 3 of transistor Tl and source 5 of transistor 
T2 and subsequently rise to the highest potential at the common junction point A* The 
transconductance of the differentia] pair can be varied in that the degeneration resistor built 
up from the two branches of resistors 4 and 6 is controllable through the gradual switching 

10 ON or OFF of one or several control transistors. The control voltage required at the gates of 
the control transistors T8 to TI2 is generated by means of a control current through the bias 
resistor RB which is proportional to the control current IC, The former control current is 
generated by a control loop formed by the two current mirrors CMl and CM2, the bias 
resistor RB, and the current source 22. The transconductance of the differential pair is 

15 controlled in this manner without influencing the DC bias of the differential pair. If the 
control current IC is equal to zero, the voltage drop across the bias resistor RB is also equal 
to zero. As a result of this, the potential at the gates of the control transistors T8 to T12 is 
so high that all control transistors T8 to T12 are not conducting. The resulting value of the 
degeneration resistor is then a maximum, and accordingly the transconductance of the 

20 differential pair will be a minimum. As the control current IC rises gradually, the control 
transistor T12 will be the first to enter the conductive state. As the control current IC rises 
still further, the control transistors Til, TIO, T9, and T8 will enter the conductive state 
successively. When all control transistors T8 to T12 are conducting, the resulting resistance 
value of the degeneration resistor will be a minimum, and accordingly the transconductance 

25 of the differential pair a maximum* 

It is not necessary to give all gates of the control transistors a same 
potential, as shown in Fig. 1. Indeed, the distortion of the differential pair can be further 
reduced when the differential pair is provided with means for generating a voltage difference 
between the gates of two consecutive control transistors. These means may comprise, for 

30 example, an arrangement of resistors connected in series, which in its turn is connected in 
series between the bias resistor RB and the junction point B, successive connection points of 
the series-connected resistors being connected to successive gates of the control transistors. A 
common bulk 25 of the control transistors T8 to T12 is coupled, as shown in Fig. 1, with a 
first bulk connection point 26 to the junction point A. The bulk connection point 26 may also 
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be coupled to an alternative suitable point such as, for example, the positive supply terminal 
24. The distortion of the differential pair can be further reduced when the differential pair is 
provided with means for generating a current through the bulk 25 so that there will be a 
potential drop across the bulk 25 owing to the ohmic resistance of the bulk 25, These means 

5 may comprise, for example, a connection of the bulk connection point 26 to a suitable 
junction point such as, for example, the positive supply terminal 24, and a coupling of a 
direct current source to a second bulk connection point 27. If a coupling b^ween the bulk 
connection point 26 and the junction point A is opted for, an additional provision may be 
made which supplies the bulk connection point 26 and the bulk connection point 27 with a 

10 current in a manner corresponding to the provision which supplies the bias resistor RB with a 
current, which provision has the advantage that the DC bias of the differential pair also 
remains unaffected by the current which flows through the bulk 25. 

The diagram of Fig. 2 shows an alternative embodiment of the differential 
pair according to the invention. In Fig. 2, an extensive field effect transistor TI3 replaces the 

15 branches of resistors 4 and 6 and the control transistors T8 to T12 shown in Fig. 1. The field 
effect transistor T13 comprises an extensive source S13, which replaces the branch of 
resistors 4^ with a first and a second connection point 28 and 9 which are coupled to the 
source of transistor Tl and to the junction point A, respectively, and an extensive drain D13» 
which replaces the second branch 6 of resistors, with a first and a second connection point 29 

20 and 10 which are coupled to the source of transistor T2 and to the junction point A, 

respectively. Between the source S13 and the drain D13 there is an extensive gate G13 with 
a first and a second gate connection point 30 and 31 which lie at opposite sides of the gate 
G13, these sides extending parallel to the direction of the main current path of the transistor 
T13. The transistor T13 further comprises an extensive bulk 25 with bulk connection points 

25 26 and 27 which lie at opposite sides of the bulk 25, these sides extending parallel to the 
direction of the main current path of the transistor T13. The differential pair further 
comprises a resistor R13 which is connected in series between the second connection point 
28 of the source S13 and the source 3 of transistor Tl, and a resistor R14 which is connected 
in scries between the second connection point 29 of the drain DI3 and the source S of 

30 transistor T2. The ohmic resistance of the extensive source S13 and the ohmic resistance of 
the extensive drain DI3 act as branches comprising an infinite number of coupled 
infinitesimally small resistances. The resulting value of the degeneration resistor is increased 
with the resistances R13 and R14. The resistances R13 and R14 may be dispensed with, if so 
desired. In that case, the connection points 28 and 29 must be coupled to the main electrodes 
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3 and 5 of iransisiors Tl and T2, respectively. The gate connection points 30 and 31 arc 
coupled to the drain D3 of transistor T3 and to the second electrode of the bias resistor RB, 
respectively. This construction renders it possible to pass a current through the gate G13* 
Owing to the ohmic resistance of gate G13, the potential of gate G13 is lowest at the gate 

5 connection point 30 in this example and subsequently gradually rises along the gate G13, 
having a maximun) value at the gate connection point 31. The transistor T13 can be brought 
into conduction in an even more gradual manner through a suitable choice of the current 
flowing through the gate G13, so that the distortion of the differential pair is even less. It is 
also possible to omit the second gate connection point 31. In that case the bias resistor RB 

10 must be coupled between the junction point A and the junction point 30. The gate G13 
obviously does not pass a current then. 

The operation of the differential pair shown in Fig. 2 is substantially the 
same as that of the differential pair of Fig. 1. If the control current IC is equal to zero, the 
voltage drop across the bias resistor RB is also equal to zero. Consequently, the potentials at 

15 gate G13 are so high that the extensive field effect transistor T13 is not conducting. The 
resulting resistance value of the degeneration resistor is a maximum then, and the 
transconductance of the differential pair is accordingly a minimum. Now as the control 
current IC rises gradually, an increasing portion of the extensive field effect transistor T13 
will become conducting, until the extensive field effect transistor T13 is conducting in its 

20 entirety. The resulting resistance value of the degeneration resistor is a minimum then, and 
the transconductance of the differential pair accordingly a maximum. 

The current mirrors indicated in Fig. 1 and Fig. 2 may be replaced by 
current mirrors of different types. Instead of field effect transistors of the conductivity type 
indicated, it is also possible to use field effect transistors of an opposed conductivity type. 

25 The polarities of the voltage sources and current sources should then be adapted accordingly. 
The number of resistors from which the branches of resistors are built up and the numbo* of 
accompanying control transistors may be greater or smaller than the numbers shown in Fig. 
1. Instead of field effect transistors, it is also possible to use bipolar transistors, in which 
case the base, emitter, and collector take the places of the gate, source, and drain of a field 

30 effect transistor. A combination of bipolar transistors and field effect transistors is also 

possible, for example field effect transistors for transistors T8 to T12 and bipolar transistors 
for transistors Tl to T7. The differential pair may be realized in the form of an integrated 
circuit as well as by means of discrete components. 
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CLAIMS: 



1 A differential pair comprising a first (Tl) and a second transistor (T2) 

each with a control electrode and a main current path between a first (3, 5) and a second (7, 
8) main electrode, and a degeneration resistor for coupling the first main electrode (3) of the 
first transistor (Tl) to the first main electrode (5) of the second transistor (T2), characterized 

5 in that the degeneration resistor is built up from a series circuit of a first branch (4) of 
coupled resistors (R1-R6) and a second branch (6) of coupled resistors (R7-RI2) which are 
shunted in mutually corresponding junction points (12/17, 13/18, 14/19, 15/20, 16/21) by 
respective control transistors (T8-T12) whose control electrodes are connected so as to 
receive a control signal, the first main electrode (3) of the first transistor (Tl) being coupled 

10 to the first branch (4) and the first main electrode (5) of the second transistor (T2) being 
coupled to the second branch (6). 

2. A differential pair as claimed in Claim 1, characterized in that the 
differential pair in addition comprises a bias resistor (RB) which is coupled with a first 
electrode to a common junction point (A) of the first (4) and the second branch (6), and 

15 which is coupled with a second electrode to the control electrodes of the respective control 
transistors (T8-T12). 

3, A differential pair as claimed in Claim 2, characterized in that the 
differential pair in addition comprises a control loop for generating a control current through 
the bias resistor (RB) in response to the control signal. 

20 4. A differential pair as claimed in Claim 3, characterized in that the control 

loop comprises a first current mirror (CMl) with a first output (D3) which is coupled to the 
second electrode of the bias resistor (RB), a second output (D4), and an input (D5, G5) for 
receiving the control signal, and a second current mirror (CM2) with an input (D7) which is 
coupled to the first electrode of the bias resistor (RB), and with an input which is coupled to 

25 the second output (D4) of the first current mirror (CMl). 

5, A differential pair as claimed in Claim 1, 2, 3 r 4, characterized in that 
the differential pair comprises means for generating a voltage differenc between die control 
electrodes of two consecutive control transistors. 

6. A differential pair as claimed in Claim 2, 3, 4 or 5, characterized in that 
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the bias resistor (RB) comprises a transistor connected as a diode. 

7. A differential pair as claimed in Claim 2, 3, 4, 5 or 6» characterized in 
that the first (4) and the second branch (6) constitute the source (S13) and drain (D13) of an 
extensive field effect transistor (T13), which field effect transistor (T13) is provided with a 

S control electrode (G13) which is coupled to the second electrode of the bias resistor (RB). 

8. A differential pair as claimed in Claim 1 , characterized in that the first (4) 
and the second branch (6) constitute the source (SI 3) and drain (P13) of an extensive field 
effect transistor (T13). 

9. A differential pair as claimed in Claim 7 or 8» characterized in that a 
10 resistor (R13) is connected in series with the first main electrode (3) of the first transistor 

(Tl) and in that a resistor (R14) is connected in series with the first main electrode (5) of the 
second transistor (12). 

10. A differential pair as claimed in Claim 7, 8 or 9, characterized in that the 
control electrode (G13) of the field effect transistor (T13) is provided with a first connection 

15 point (30) which is coupled to the first output (D3) of the first current mirror (CMl), and 
with a second connection point (31) which is coupled to the second electrode of the bias 
reastor (RB), 
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(54) ntie: DEGENERATED DIFFERENTIAL PAIR WITH CONTROLLABLE TRANSCONDUCTANCE 

(57) Abstract 

A differential pair with input transistors (Tl, 
T2) and provided with a variable degeneration re- 
sistor. The degeneration resistor comprises a series 
arrangement of two branches (4, 6) of coupled re- 
sistors (Rl to R6, R7 to Rt2) which arc shunted in 
munially corresponding points (12/17. 13/18, 14/19, 
15/20, 16/21) by nespecrtve control transistors (TS to 
T12) whose gates arc interconnected. Hie differential 
pair further comprises a control loop comprising two 
current mirrors (CMI^ CM2). a bias resistor (RB), 
and a current source (22) for providing a control sig- 
nal to the gates of the control transistors (T8 to T12). 
The control loop does not influence the DC bias of 
the diffetemiat pain 
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